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BE 5 J: 5 ^_hflBfft»i*S:^"rs r t SrW«£-r5fl^ 

[ft 3 ] ISaR^ i E*(Ofb^tt#*ft:«>3i^^iK 
5g;frifeM*3V^t\ 20 
XfEXg (a) Trte, XIEg*££)_kiI[CO — ^(7)^^15 

4 ] it *3g 3 ia*o{b-&«^ft: (7 my^ia 
±Ei8 (a) -e(±, ±ia«»K^ai«o*/jN-iit^±iB 

[!S*II 5 ] If >RXI 1 — 4 <D 0 t>\* ^Jlxfl» 1 Oiliest 30 

±ia«»Btfi, y = ^BKbBt, v-y^s^R, v-y 
<r>ft&m » v^-s ^sbs** *>■ ^ r , 

±1EXS (c) T?f±, ±EK1SS:WB^«toT|»*-r5 

[W**'7 ] ft*il 1 -5 (Do ^^WpI ofclfE* 40 
XIBXg (b) Trf±, ±flB*tecDKiRi»jffi*«J: <9 t>fi^ 

±1SXS (c) -Cfi, ±IB**ffl!J^fcJifEK««5®flX«l 
&o 50 
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its#*B 8 ] m>km i — s <o 5 *>^i*ixa> i ojciatt 

_hEXg (c) Tdc, iSESSft-^y^^^^^oTBft 

±iaxs (c) co^d, ±.mik&^mnncnmmfrw 

l o ] KJjR^S l — i 0 co 5 fev^TH^ 1 otc 

±taxg (b) T*tt, ±|Bfb-&»^*fls:Kfc IT, G 
a, Al, B, As, In, PXVSb05t^>4< 

Sitxe^^^/UfiJSSfSig (a) i:. 

wiiti)M^r^t5x(i (b) 

ifSX^M (b) JiESffiS:Bft*i-SXS (c) 

[W*rB 1 2 ] If l i fBttco^*^»fls 
xtaxn (b) -en, Xf^b^^MIco^^/>ft< 

[ft*il l 3 ] If #31 1 l 

XIBXS (b) XIBXSXWk^tt)^*-!**^ 5 

^> fPJj i5 ^ ?> fc 5 BBJKfc rt « tcfugl- 5 §^fi £ M »^ 

1 4 ) »3ft« 1 1 ia*COfk-&«l^*fls: 
±IBXS (b) Tli, ±IE{b^***flcMtco 5 *?WJE^ 

IfW*J-S l 5 ] i 1-14W5 ^v>1W i o 

XfEXg (c) Tfi, ±|E£tRS:WESl-J;oTBfe*-r5 

[ft#rg l 6 ] BI#3S l 1 — l 4 oo 5 -fev^-f ix^ i o 

X1BXS (b) -Cfi, XIEKtficoKiRjWjSSJ: ^ 

±mxM (c) TIL XiaXtSftld^XIBXS^KHXiB 



( 3 ) 

3 

LT±|B*tE ilBft^*^**!* <t 

Iff l 7 ] BfjfcJB l 1^14^5% l o 

XfSXT£ (c) -efi, -bEXKSr^s/^^^^Jz-oTM^ 

[HM^S 1 8 ) ff >JtlI 11-17(?)9 1 o 10 

XfEXfl (c) O^ld, ±1Eft*4*¥*fr»ca|(ffi£BF 

So 

[Bt*JS i 9 ] ft >jtif i i-i 8 co o -h I ^Ttl^ 1 o 

XfBXg (a) fll JitSft^4»^*«liSi: It, G 
a, Al, B, As, In, PRtf S b 5 *?^M< 

fife-f 6 0_ £ #?t fc t~ 5 ftl^fe it V ^ ✓ n (DMikJj 20 

[ft *xi 2 o ] Sffi<o_bSRtKftISSrBI o KSr*£Sl"t" 
(a) 

MtSXS (b) 

±rxs (b) 6o^(^ xiEStscDxes^ 9 ^xfdftia 

Mtc =fc o r BEt?^ lT ^ ft i/ ^I«coX(c , SrftjiRfcL^ 

(c) 

±iexs (c) <owc y ±mmm^m^ir^Tjm u) 
_hiaxg (b) t*ffif3t£tiz>$mmtes ±ibxs ( c ) 

"CJKjeS £ *t£ fti^^frKco^ t a * ^ /ixfifefi & pi 
*-T 5 fMi§ £r mir Zhoix&Zztfr i i~ £ ft-&* 

2 1 ] g»#*B2 OfE*wftiHh^«#*^ 

±1EXS (a) <Dftt\£, ±flBXffi<0*hJaS5£fc£*S£S 40 

xtsxs (b) ±mmm^±.mmm^{imj&u 

m v ) ft. # *« 5 J: 5 {cXfB^fSK^^^ci- 5 1 1 SrW 
• ttS ft**** He * ^ coSi^fto 

[0 0 0 1] 

[ 3B p/J ^ JK 1" 6 Bc« ^» I *^ « , ft u - If ^ rS 

an m h7 v ^ ^ m^m ^ fen a ^mmc^wt 
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[ 0 0 0 2 ] 

[t¥3K^atlf ] ^* J; ^ Ga, Al, B, As, I 

C0ft*fl»J t LT(i, — B x Al,Ga, I n, ., y , 
N (O^x^l, O^y^l, O^z^l, 0^x + y 

+ z ^ i ) -ex ^ n s {k&tyj^mfc^ ^u, r 
[ooo3] ^ y — ^^^^v ^^'^^-fk^j^#ffrj7^ 

^ftfe^^ft^^^ra-f^^nft^, aft* 

*S©-oi LT, flilt USP 6, 0 7 1, 795 
rFV-f, Nd/YAGl--fMf6a (V — 

[0 0 0 4] mi 3 (a) , (b) ft, y 

^ v^(DSft4**«ft:KSr^fi!ci-5XSS:^^»f 
[ 0 0 0 5 ] *-f. x^KrFU-fWd/YA 

g if « l — i^^tjc** L rSwefc-5-t7 7 r^ffi 

10 1 (fflx.tf2'{>fg(?)t7 7^7^/N) ^r«S 
-T5 0 ^ IT, t7 7 ^7l«l 0 Uv^ K7^ KM 

tlricft (OTHVPEh^) SI«i*i(e:*Ai-5o 

[ 0 0 0 6 ] ^ Itx IK 1 3 ( a ) l^^tlSt, H V 
P E J; 19 , ^ "7 r T 1 0 1 COX , flfij x. 

3 0 0 ^ mCO G a N & ft 5 ^ft#J*#:f*J]l 102 
Sr?Kric-f S 0 r CO t S s Hft^^Wil 1 0 2 if 7 
7"f7S«l 0 1 (D±m±^&Wi~&^ L W}Ul 0 2a 

t > ^yy 4 rmm i o 1 o«sffi±^ffiia-r sfflaasffl 1 

0 2 b Lt^5 D 

[ 0 0 0 7] fttc, t7r^7SKi o l^IEBS^feftl 

^7111 o lftfcSrSau *fcBBSti--5 u—if^t^ 
-/^^*Bti*»^ffiv^fiDt?, if^fi^ft^^^MI 

10 2 CO 3 fe^PffiSB 10 2a <V- ] 1-7T^TMR 1 0 1 |C 

SftW^ffflti o 2<z>¥®fflS 10 2a coR^gp^pm 
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102 t^yr^Tm&i o l kffiftm-tZo ^u, 

111 0 2^#fcjx5o -^WfiL aft#J¥^MIl 0 2(D 
JzlC, Ga, Al, B, As, In, PMSb^H 

co'>fr < 1 1> i o£>5g* &&&^ig-CHb^%^ 

f* (— JMStaSB, Al,Ga, I n i - 1 - r - s N ( 0 ^ x ^ 
1, O^y^l, 0 ^ z S 1 , O^x + y+z^l) "C 

[0008] *fc, 7y-^^^>y^fM»i 
[0009] 7 y — 1/ y <nm.{\$fo^M 

fc$^s^%&fzLfr<Dft\<Dji®kb LTft f77-f7l 
J: «9»a^Bfe*-e#5«-3|s|-S:fflV\ HVPEC^ift 20 
313/ hiyfy^iotGa A s Kffi-^S i 
[0010] 

[ooii] in (a) , (b) ic^-r*i£r^i, s 
iwr^mwm i o 2 <e> o hw-mn 102a ^isatt v 
—yyttomstfckoxftmzh* mm^mmui 0 2 

CO^pfflSP 102a^t7 7 ^ 7" mm 101 t l±ifc|fc«J§ 30 

«(£#Hrt-5 0 ^r^. i o 2 comUm 

tin o 2 b ^*^fla«-*tbjc< mmm 

102b co -^^ r -r /Sfi ioii 

«(-^H!8t"efcS a LfcasoT, fry* 
fft7r^ T*« i 0 i ttftfe^iM I02i: ^rSP 
ilt, 0 2 H-7 7 ^7II1 0 1 

irSrEv^^SILJ: 5 SfbftiMMSflsBSi o 2 

<o«Iffi*R 1 0 2b ic^fbft^SlflKJR 1 0 2 coffllJEffi 1 o 
2 b tt7r^f7SIi o i k(nmBmi%mmz£Z)i& 

tJt*M * L N ffllffiSB 102b(^7^ J&558£ L, 40 
tfltefifbW^igfWBS 10 2 CO^PiSiSP 10 2a ^ttUxT L 

[o 012] f7r^frifii o loiiau, 
Jzffl^ £ tttefi*-ffii6S*ft 9 . twin fc , SiKffia£H#a?JD 

o 2co«ISaBB 1 o 2 b ft, &fifd£^M< t££A> 

o 2 c/.>(UMan o 2 bf±, — ; ttlcWft-^tf-d* 
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[0 0 13] £fc t7 7 ^7SSl o l SrfflSMJ; 9 

r^i-^^^^^Tfi, 11*1^7 7^7111 0 
1 ^ k^fc^^MI 1 0 2 (OfflJBSP 102b^ 

10 2b LT*ffcW4^ffMBS 102 cO^Fffigp 

10 2a 7 ^^^WtbA^C-^i-v^ 

tod, r^*ss:?ufflLTt, m±L,iz±mfc<omk&i 

0 2^S»&J:<#^^ct^fflii"Cfoo7 t C 0 
[0014] fjfc, G a A s «^ S i Kffi*fflV\ -ffi 
*"Cf±2fc <xj,fy^J:o-CGaAs S i Sffi 

Ky v^*i-Sf^¥#f*mi o 2 3as»]^i-< , 
Srfi^t Lra-fttt^WfrKi o 2 ^^-^ 

[ooi5] ;igoj; 5 lars^iitaiL/i 

fUffilc^^ h i^^lcX^xiMmU 1 0 2 b ^fij^^1'< , 

[0 0 16] £;fc, ->^^^ft:(-Mtu^*C*v^*-&"C 

o/c D ^Lt, ^ 7 ^ ^ LTV^Itt^ffl) 
^^C0_h(d, BffSh* h^^^^^^ LED, 

^^yy? (t»wm t ft v mmmmT L 7t 

[0017] *^1^C0 g 7^-7^ ^-r^ >^C0 

[0018] 

-SBSrffi5H»^«»lBtS:»fifci-SXS (a) t , Jz 

iaxs (a) <om^ ±^mu.<n±mjkmmm<D b t± 

« K:*tp^-&»**flsK Sr ^ t° 9 * *s -\ * ii" o X 
@ (b) JzlSXTl (b) comt-, ±|B*ffiSrBft5fe"f 
ail (c) <k*$^, -hlEXS (a) X*3grit*H5« 

Siit, xisx^ (b) ^/s^naf^ti^Mi^ 

zc tr° ^ 5f is ^ /u^S 5 fltti W i" S t ^ "C* fe 

[0019] r co*8fe*c J: V , fk-&»^9ffrBt«5 5 fe£ 
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^^v^V is?t?=z-'^k ^xmmirZ z kfc*m^?£ 
3i tr * ^> ^ /ufiKft * ft (o mm <D&mt*'p ft v ^ K © £ 

[0 0 2 0] _LflBXg ( a ) '>ft< t fcXflEKE 

[ 0 0 2 1 ] IfBXS (a) XT1, XlGAtEOXffi©— 
ffito^Srffi 5 J; 5 t--b|Si%aiK*?gj*f S - i: t- J: l 9 , 

^ , £«<7>fjUM;*n ^ tf * ^ is /^ft L fc f b-&4fo## 

Jfoyryzusst LTffll^r fc*ST?%5„ 
[ 0 0 2 2] XfBXg ( a ) Til, ±lB«»att08Ri|B^ 

[ 0 0 2 3 ] jziBfftgHjtte, y = viftftBt, > y =■ >- 
^> y = ^B^flsBEfttje y77 7 ; h y &JKflX<£> 5 

[0 0 2 4] JbEXS.(c) t?fi, XIEXSSrWFlSKiJ; 
[ 0 0 2 5] XlEXg (b) "Cfi, ±1E*«C0!Ri|XJ»ft 30 
fEm-frft^WflclMSr^fifeL, XIBXg (c) X^ Xffi 

[0026] xiexs (c) inaaKKSr^y^v 

[ 0 0 2 7] £fc, XfEXg (c) co^K, JhlBYb-^W 
¥»*M<0*ffi*ffi*-r5 C £ jflSjf * LV\ 40 
[ 0 0 2 8 ] «i^f2^{^fe¥i* t >^/^iil 

if^^^^/u^fi-SitSXS (a) XKffr&W^W 

t»*tsit (b) i, xexa (b) _hte 

XfiS:K*t5I8 (c) K^/u-C^5 0 

[ 0 0 2 9 ] r (0^rffi(- J: 9 N te^tt^ttBtco 5 
S co X Bp ?5 ^b m e ^ ^ > -v /ujfcft u fc »|5i» /c (t S: "7 y - 
^ ^ >-7- -f l r *U A3 ir & *im * 
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^J?* iy -y vUfiKft * ft ©g«b ^f^S * g fc«S4J" S: J: 
[ 0 0 3 0 ] XfEXS (b) -m, XfSf^#j^f*JJl 

[0031] xtBXfi (b) r-tt, iflastsxtMb-fr* 
[0032] Xffixg (b) T-{i, xta-fk^fej^WS 

[ 0 0 3 3 ] r cofg 2 wfb^*^3|ff ^^^NC0K3g*"& 

[ 0 0 3 4] 3 ^ft^«J#*fls:i>^^^»3ft 

(a) XflBI»S:^/j!< £t3-bK&«OXffi#IStt|-r 

w«:»i«s:3fKric-rsxa (b) xiexs (b) 

3if ^^->^/Ufi8:*S-a:SXS (c) XSExa 
(c) 60»jc, XlESffiS:»*i-SXS (d) ^^r^T 

xiexs (b) T^M^n^f^flJii^. xtexa 

( c ) S iX 5 f b^-fe ^agftJffiGO 3i e ^ -t /UJS 

« ^ mm ir o mtg Wi- 6 t, ^ -e *> 5 o 

[ 0 0 3 5 ] - <nj?mz J: !9 , fb^***tt:Btco 9 

»XSfd*3t+5 * 7 s/ i^^ttwiS*:* 
MfSO-t" Z> Z. t ti*X*% Z> o £fc, Kffi^flJJSf+ia ft 5 
3i t D ^ ^^^y^^**ft(nSlJIW*»^/i?'^Sv^Alf^o 9 

[0036] xexs .( a ) cotfjt-s ±Mmmo^vmn 
xtaxs (b) xa, ±mmmm^±.mmm 

^*tS^i^^^^^^*ftftoa»<o^»^$ b(e:^ 

[ 0 0 3 7] 

[*W0>HJE6C>J|glB] C» 1 ^HJtEJeilB) 111 (a) - 
(e) tt % *«Mw*l^llffi?K1IB»-fe»t5{b^»^* 

f$ ^ iii^^$i^&^^i-«ii™ 

ft^b\ Hi (a) - (e) ir^V^T, t7/^7l» 



( 6 ) 

9 

mm i- *s a* i* as ^ 5 # * ^ co t% t eo m 

[0 0 3 8 ] ff, 11 ( a ) |:/Ttlit\ 5 
0. 8 mm, *S«l3 0 0juniWt77^7Sftl (U" 

0 0 nmO>S i O. HI 2 x ^-}|Mt5 0 Si 10 

o s ffi 2 x fa, t77 >r rmk i ©_bffixt^fl!iiBS:«o 

[0 0 3 9] [III (b) IC^i-XStr, 7^-hU 

y ^77^ XtfC^s/ h^s/^V^t-J: ^ S i 0 2 HI 
2x^°^-y^Lt, S i O, I2x(09tf77 
^71S 1 C0_hra SrJI 5 9SH d 1 (0!lx.fif 2 mm) <DW\ 

matu 2 a fc , t77^nsi ^fflj® 5 mmn 2 
bt^& * 5 mmM 2 ^matir s „ 

[0 0 4 01SI:, Hi ( c ) l^flgt\ fell Hi 2 

^^^7 7^7161^ HVPEgMg 20 
y fU r 7StS 1 SrSftJ 1 0 0 0 °C(^JP^ 

^i(-ctotM^^/:G a C 1 7^-7^ 

* (NHj ) t^i-^^LTML, mmx* (N 

3 ) ^^rt!)7^i:Lttt« fl W 
7 . 5 1#mX\ t7r^ 7Sfi 1 t^Jiffi^ 9 *>»ti LT 
^5«B#<£>JifcL, ffSjftl 3 0 0 m m©G a NJR 3 tfS^fcf 
^^rv--V/UJ5Sc^1-5 w ^:Wg8, GaNgiliSiO- Hi 
~C fc S ftfltflg 2 CD _h (i ^ tf * -V ; Uj^JI L ft ^ « 
-C\ G a N«| 3 ^Tft^ittSfi, »»Ht2 C0BB**fc*5 2 30 
aiOrtl (*H16?Klfi"Ctt, #04 6mm) i^f3cK«L< 
ft3 R Lj2nU GaNiljftlt Jz^-^^t^^r^-ryUj* 

* L -CftBBt 2 cD±ffijcjS-f 5 i: s 2 <n±m±fc 

(df*, G a Nflg 3 (Dj-fflS^itStt 4 6 mm J; 9 ^>iz 

# < ft5 B ffllxtf*:^lfc?Bllg"e^, G a NUf 3 <D±MV> 

**) 4 6. 6 mm-Cfe ! 9 , III 1 ( c ) ^^1"^ 
cl 2 = 0 . 3mm ~T? cb o 7c 0 

[0 0 4 1 ] ft Id, Hi (d) IC*tlS"C, t^ji^S: 
HVPESt©Rj£JF^bffi!JfflU Sf3 5 5 nmC0 40 
N d /Y AG f^3^ig|Be^^^V^cl/--^*CD^ 
— A Srif 77^f 7SS 1 £>i[E2p b G a Nl 3 {cmMi' 
$o G a N^iaiRiHiftSttjRl 3 6 0 — 3 7 0 n m"Vk 

# < «- iot G a Nfll 3 co 5 ^>f- 7 r 
— ttflD&sflHao. 4 J/ cm- Wi^^^^rcoJ: 5ft 
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[0 0 4 2 ] Lt, dcoi 5ft##T*u— lf3fccotf— 
A^>>x/^®|:iotat5r irUiJ; HI 1 

(e) 1^1- J; 5^, t77-f7SSl ^^It/t7y 
-7^yf^y^GaNl3 (GaN^/N) 

[0 0 4 3] *H«3Bffi"^fi, f77^ 7Sfi 1 
to— ffi&T^fflJSSraS fflWK<z>«flM*2 5:Mtt^^ 
T, l&fSlg 2 *:« LfcJRttTr, t7r^ 7SS 1^3^ 
f^flHl 2 Id J; o tl^t^^l ^JKcO-b^a-fk*** 

5 D Lfc^Sor, f-^r^TKKl^fillB^-btd^ G 
a Nttft»fi8:*LftV^«0T% G a NB 3(75 5 ^i^^T-f 
7Sfi 1 Jd»LTV^5itffiSfP^ft:*ail^#fi-5 ^ t 
36«"e#S 0 iot, GaNi3tt77^f7Sfil tS: 

[0 0 4 4] ^fc, l^±coj: 5l-tt#bftfc7y — ^ 
^yf>fy^GaNi3 (GaNr>^^>) Oj-td, G 
a, Al, B , As, In, PRXfS b <D ? h<D'J?tj:< 

JKfti&s B, A 1 y G a , I n , - , . y . t N (O^x^l, 
O^y^l, O^z^l, 0^x+y-hz^l) "C^ ^ 
ti 5 -fb^^^^ff ) j&> & ft SLED Sr^^S L /c^, 

•c*fc 0 iHfi, t77^7ssi Sr^m-rsias-e, 

G a Nffl|3 ^ja«lft««W^ h U-^^J&^feft^^fetd 
GaNl3 (GaN^m/N) pk| ^ 7 ^ ^ L ft 

o it fc £>£%'7Lb]n& D 

[0045] ft to, ^mmzmxmbntzG a nis 

(GaN^) ^Uraldfi, ffk&m2<D±tin±\zfeo 

(C, foS^^H^^US/j^ G a NIBI 3 H77^f 
rmU 1 ir^fl^^/c^tC. G a NBt3 (GaN^y-x 

5r«h^t*§5 0 7 c Ltv rcoj; 5ft*ffiW*XSid*5 
V^rt>^ GaNl3«JlSa^(C(l t77-f7Sfil 
COfflffi^)^ xc bf ^ ^ > -v'/ujSft L t^^^tt L ft 1/ ^ CO 
T\ Hl«6tl^ h I- 7i (C «t 5 G a Ni 3 ( G a N $ xa) 
■co»J^« (i £ if £ U 5 r i: a* ft < % * UnffitO G a N r > 

[0 0 4 6 ] BKRlfttOS i O, d»ibft5ft«R2 

COBHRtfeSB 2 a CD«fi d 1 « N G a NT fit 3 CD 0 ^^IlllS 

iHtdjSbftU^SftcD^ilB-ffcSd i:^S04 Lv^ Q G a N 
IJI 3 (?.)H7r7 L /c^P^J-^ zc/n cofflll jg ^£ 

* to 9 3^ tf t s G a NK3tt77^ T 1 ^ ^^(B 
G a Nfl^3 ^HE^flFStc^MSrKi-S^-t^fe 
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[0047] tfiu ii (b) \CTjkirmm^(Di^mm 

SP#a s •? x/N^if o r ft £ a* , ^ 

fc, GaNI!3fct77^7ifil £ CO^Ht 

[0 0 4 8 ] -£fl20Jl - 
±1E jS 1 <D SlSS^lffi "C El, f7 7 ^7 fi« 1 KlSS" b X IrI 
^H^fdS io, a»kft5«STO2*3Sbfcas, ^fl 
1 1 R I ' 0 H T* fe S S I ft V \ 10 

[oo49] i2 ^, m* i <om$£&M<n$£Mm i i^^tt 
*eoeu (b) {^i-xatdtaai-sxso^sr^Lr 

» H8IM*ffl 2 a 7J* f - 7 r T Sffi 1 CO in ,CHfi; jSfl ^ ^- ^ 
*/MI£ drain 7J>\ G a Nfl* 3 CO 7 ftgR 2 CD JzjU 

^^777 /ujSfi-T § SMJ-j&s £ ^ tciS L ft ^ 
g£oatfi"Cfc S r. ##-3= bv \ »i £>*lfiJl?j|fi t m 20 

[ 0 0 5 0 ] -fWJ2- 

±mm i i3ffRi<7)t7 7 ^ 1 

<D±lZ\Z&PV&<DG a NI3 l:Mt^I^(uO^Tl 
WLfcdS, t7 7^7Sfi 1 ftkWCG a Nflg 3 cO^tK 

[ 0 0 5 1 ] HI 3 m 1 W3iffi^ffi<aX7g0« 2 
-5^^ r 7lfi 1 ^t>«il2 o^FBiaXOTII-III 

H^coHI 1 . (b) (ci^i-XStciffiS + SXSco^Sr^L 30 

rss 1 3&s tif£ n?g^fc § w ic^j- l , f^iifli 2 coiam 

tt£|3 2 a CO m SB # fii^ tfo^o Lfi/j5ot, f 5 # R ?g 
77-f T^fe 1 cDX^g^tO G a N]ffi is 
■V /^ff 6 r £ ft 5 D Zl K fc , BHattfcfirB 2 a 

W«*W*/J^ cl min G a Nl 3 <D 0 hmMWi 2 CO 

±i *& o x =7 7 1 ^ / i-flc* -r s * ^ ✓ n to 9m m i - 

[ 0 0 5 2 ] ~ 7 mmS~ 40 

BHHT**>5o B4tt, 3EJgey3coKiSxSt»coiai 
(b) ^i-xS*cffla-J-5XS^^.Sr^L"CV>5 0 H 
4 ^/^i" J: 5 r <om&&\ 3 -Cfi, yr^r l 

5o b #s o T , ffijg CO ^ 77^7 £K CO 
G a N JK^S m b° ^ -V £ ^ ^ ft 5 0 n CO^ 

fc, WmVm 2 a COSRffi cl 1 ^\ G a NBS 3 <D 0 *h 
2tD_hil^f p ST7f7 frf&-&1r & fflS^^S 50 
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co^jiffl^bftv>^^e-efe^>r t^sjf ^ t^ 0 

» i onite^jg t m b as ^ j: § 0 

[ 0 0 5 3 ] ~^«4- 
115 (a) - (d) *aSS(?D»10||lE3gll8(OS 

wmmxh& 0 

[0 0 5 4] S-T, 111 5 (a) l^fIt'C\ Eltt 
5 0. 8 mm, #?J 3 0 0/i mcOi^ 7 r ■< TWSL 1 

("^ 7/^7 r> xy^ ^ J— gf5 Srffil tf ^ 'V ^ > 
Kl^^ffll^WiJLT, «X.tfB2mm, Sl^l ^ m 
<Dm V X * S|5 1 x SrJRfig-r S o 

0 5 |15 (b) l^tXtt?, f7 7 

-frSffil^Slli;:, c VDlc J: g x jj^jR l . i M 
mCOSiO, !2x$:WtS Q rcoi:^, S i 0 2 fflS 
2x(t t7 7Y7iSl (S'P^tffil xSr&if) 

[0 0 5 6] @15 (c) t77 

*) ^rfTftoT, S i O, i2xat;t77^7lSl 

co±I^¥Sfct5o rtbkJ:0, s i O a I2x©3 
fei^^T-fTKtRl <0-BJ*)4s£ffl5 1 x SrK5aMl2mm 
^H«tt{F|J 2 a t , t7 7 ^f 7"S^ 1 ^fflUffiSrffi 5 flIS 

2 b t a** h ft 5 ismm 2 teffiiSL-* % a 

[ 0 0 5 7 ] 115 (d) li^tlST, % 1 CO 

ISlftJBJB (R]«cO)^!ill^rj^^T% U- 7 7- -Y T*« 1 <D 
±M<r)^^m\tiVX\t^Z>W7$<r>AL\c^ W-^fas 0 0 M m 
«G a NBt 3 ^t: 0 ^ ^v'-r^jEafiS-ti-So ^T^BR. G 

a NSffsfi, ^RIB|2 <D±m±lZfQ*oXmJT\Zi> 77 7 
/^*t5 fl bfc^oT, GaNJR3 05B:S^ 

2 0)BBaHftS|5 2 a60rtfl (^ft^Si-efi, «!J4 6 m 
m) cfc [ 9 ^^vi: < ft^ D 
[ 0 0 5 8 ] ^^yN^HVPE^gCORJS^/;^ 

^•9i±sb, mi vmmmtmvmMR'otgkWx\ 

f^«t-A^t7 7 -Y7ffll ©JB^5)G a N13 

jr o r j^a-j- s ^ ^ id j: «9 , ib 1 «o ms^fi ^ mm \c , 

f77^f7ltti ir^Bdbfc^ 1^7*4 z/#<r>G 

a Nil 3 (GaN^^) *S#fe^5 0 
[ 0 0 5 9 ] *3E?BCT-Cfi, t7 7 -Y7lfi 1 (D^mU 
{Ci^to-e3 9^t»l x ^j53cbT*DV>T, -Ir^g, Si 

o, Bl(0±6ai&t^ CMPiciot f- vr^r mt-R 1 ^ -yo 
19 ^t(B5 1 x Rt^flJiB*« 5 H9M*co{ftflll»2 Sr^j* b 
T4o^r, «»Bt2S:*Lfcifc1l|-e, f77^f7Sil 

co 5 2 (11 XoXMfrtix ^ftv>®«co±tcSft: 

^iflEg-efcSGa Nl* 3 £^t 0 ^V-Y;Uj$e£i^ 

rv>^ D Lfc^ot, t77^f7£Sl cofiiJrScoXtc 

G a Njga^jS;ftL*V^"C, GaNl3C)3^t 

7r>rr*Si*3J:W»»IBt2fcSgbri^5j|ffi{fB^f*: 

(fiiHfl-, G a N13 ^if^r-T Tiife 1 <^^R^id 
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[0 0 6 0 ] r©^BWlI:fc^Tf±, G a NBI3 

[ 0 0 6 1 ] G a NJ»3 i:t77-f7lSl fc £ 

fc ^ 5*iJ^3& s fc-5o 

[0062] -mm s - 

ii 6 (a) - (c) -^mmoymi^mmmom 

[0 0 6 3 ] *i\ 116 (a) Jd^fXST\ jt&fa 
5 0. 8 mm, J? £ *xJ 3 0 0 m<D^ 7 y 4 T £4£ 1 

(^:7 r -f X';>3^) CO^iSii:!^ CVDCj:^ ff§ 
ftl/imOSiOs R2 x &1&f£ l i-& 0 ClCOfct, Si 
0 2 Bt2xfi, -^7r-YTKlgl<o±ffi&tJ«fli]ffiSra|o 20 

[0 0 6 4] ^(C, il 6 (b) [C^tlgt, t7 7 

-f rig i ^ii^imtst-ecMP ({fc¥*«»W 

*) £fTfco-C\ SiO s R2xjyf7 7^TSfil 
[ 0 0 6 5 ] j&fcl, 016 ( c ) l^fl§t\ fl| 1 CD 

*J6?Kte t IH«o^]IIS&t^ftfr-c, -9-7 t T Sffi l co 
_bffi60 5 *,BfflLTl^S6B^<^ii^, J¥S*J 3 0 0jum 
©GaNl3^xt^^'>t;l/M^^ 0 ^(Dfi, G 30 

✓H**-*" 5 0 Lfc^oT, G a NIK 3 0) jig (1 , t7 7 
-f 7lfi 1 (Dft-m {&mti6M1&Vte, S50. 8 mm) 

[ 0 0 6 6 ] ftfcl, r>x/N^R V P E^f(D^^ib 

Kx 9(BU * l colli6*e«i fc IWJ 

^-yt^^—j^&y-^T^Tmm i toai^bGa nhi 3 

Wo T ^ffc-r a r^^J;^ » l ^gllrJ^fi fc 

aNR3 (GaNr>myN) ^#t>tb5 0 

[ 0 0 6 7 ] *g^f?y-ete, s i o, Kco±ss(XtJ«CM 
P (e J: oTi^7 t 4Tmm 1 coffllffi^Sra 5 

t7 7 ^f 71S 1 co ^ -^iiflf 2 Id J; o tlbixt (/ >ft 
V>ffiJScoJr^^{b^^#MIl?fo^G a Nl3^xtf^ 
^v^/l^fiS-fr-C^S, Lf^ot, t7 7>f7ifi 
1 Offll]ffiCD±(CH N G a Nftft(ija:SL3fel/^T\ Ga 

n II 3 0f) ^^77^7 K-ffi i *5 J; tttftffilBt 2 (cg| l r 
i/^KEffi±fls:S:?ftll^*i-5e^^-e#5 0 .to 50 



2002-31 6 893 

14 

Xffii t*n»t-svMc:^iii*-ti:5r:i^-et, 7y- 

[ 0 0 6 8] *fc % CC0»Jg^Jje*3^Ttt, fc 

GaNi3^iffiwsL^<tk m 

W\&&& I fi&t£'7 ]) — 7 Pis'? 4 >?(DG a N#^^& 
[ 0 0 6 9 ] GaN!l3 ^t77^7Sftl fc& 

in 2 f-j- & ©-0- 7 7 4 r mm i * wpj « -r 5 e fc a* t? t 3 
[oo7o] fcfiu ge?g^j 4 <om&\az, mmm 2 <r> 

^2 m m) fltft-f S ^ fc Z> <D^\ MMM 
5 (Cj:b-<T, ih7 r-r 1 C0ffl|ffif+3ff^*3*tS3:f 

«:# ^> 6 r fc *s-c & 5 0 

[ 0 0 7 1 ] (12 ©HJfi^lll) JiIB* 1 

v^mm^^-xa, mi (b) i^tist, »hi 

Hi 2 ^H*W*I5 2 a ^rtfflltti-^T BB P * tLXtS V , If 

[ 0 0 7 2] 15 ( a ) ~ ( c ) ^^0JCO^ 2 CO* 

[0 0 7 3] tf, 15 ( a ) (C^Xfre, itSiKj 5 
0. 8mm, f«^]3 0 0/im©t77^7lfil 
y T 4 t^x/n) co^S_b(^. CVDICJ:^ J**iRjl 
OOnmOSiO, llllx«1^c COfct, S 
i O a 111 lx f77 7Sfi 1 cr)±Bn&U««]iES: 

[ 0 0 7 4 ] [115 (b) |C^-fXST% 7* b ] J 

y^7 7^-WK7^^5/f-y^^J:0S i O, Btl 
7^716 l coJiM^— ^P^S 5 -hiBSfB l i a fc , 

mi i frjgja-rso -^fc^s -tsifBi 1 

si fc itj is m mm & 5 fc fc t < e , bb «^sfb ^ 

ft( I'^^ttt7 T^T IS 1 CO _h iU ^ 5 5 is a o x ^ 
3 D ^Lt, 1 o\h\n\U 1 1 aieti, ftlO/i 

mo}\m\mxm%m 2 ^ m co?L 1 2 ^2*^^^^^ 

[ 0 0 7 5] [I] 5 (c) i^tlg^, 

JS^(dir s; h L, f77-fTSS 1 StSKj 1 0 0 0 °CWip 
8ft L7t:RKB"C% Sl£^^_b«f£fffl^^ , G a fc H C 1 
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#;*&{d«fcoT£ja£*ufcG a C 1 T>^=-T 
jf* (NH, ) i:SrJHi|s|-^i:UT«i!&L, 

(n 2 ) H-tyr^tLtMt^ ^wa^ 
^ 7 . 5 mmx\ y-yr-i rsfi l 9 -bitl± J i u 

Tl^3^^Xf-, 3 0 0 /.tmCOG a Nil 3 ^ 

t'^^^ + yufiKSi-So -<7>i:#, GaNJSili, #TL 
1 2rt^Jr^iri^t D ^^V-y^^-^:LTf^MI]^l 1 £>_L 

7-^/w^i-5 Q -euT, 2(n±_■3^{cm^X : 7T■ 
7 /H&ft LtGaN i£ A HI ± a*-*';** T^f$ L T , iH^lft 1 0 

[0 0 7 6 ] r<Z}i:#. G a NI313 t7r-Y7S 
ffi l i ©ft^SE-^ft if K J: o T fe SSfiE^ISffi* if <£• 

co*:Rl^ffilfti-5^, G a NBt 3 <o 5 *>fft»Bt l l w± 

5 0"C\ teffiftif^tetttSi:A/ifeJ8LT*5b^ i* 

[0077] -tcoaeoxa^Bl^ji^iiSi-s^^ *5 1 CO 20 

Bx!9 WL, ifcft3 5 5 n mtONd/YAG 1^—9*60 3 fS 
iSSES SrJfU^fc if ^ ^t-i.^fyT'fT WSL l 
If/p^G a NJK3(Cflg#tL, if^fc*— 
/^Il^Iotat^ltCj: t» , t77>f7Sfil 
ir^ffiL/t^y — 7^y?>f ZslftDG a NBt 3 (G a N 

[ 0 0 7 8] *:|I1(S^K8^ Jztbtfs S*W^fiW l coH 
S&fl^lfitRIC^fflaaSrlSffi-srir^-etSc SP*. 30 

■^o t G a Nfeil 7 r 7^1 e ^ i t% G a N 
IK 3 StJKj* Lti^ 5 i^KJH 1 i ±l£f±teflfcft if£> 
Km <dBVSl<d [5 i ^ if 4 ^ ff coMfSJi £f&J$.ir 

^tS5 B iot, GaN|]l3^)^ig)t^«t 

[ 0 0 7 9 ] 3 ©SUKgifi) _hfS^ 1 ^^'Jife^'C 

tt, SiO s ^b^6§«2{aoXt7r^7« 40 
1 CO^iij^^IoTV^//^ «»K 2 J&S 7 T-TT*1fi 

[ 0 0 8 0 ] 11 6 ( a ) ~ ( c ) fi % *«I3H<£« 3 »^ 

3nlHT*&5 0 *HJfi®ffi<olftEH^*5t>-Cfi, ¥tfiill^lll 

[ 0 0 8 1 ] £-f\ HI 6 ( a ) Id^flST, HDS**) 5 
0 . 8 mm, f $ m 3 0 0/i mCOif ~7 T 4 TW&. 1 (if 

OOnm^SiO. Ill 5xMSt5 0 ^©it, S 50 
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i O, Of 1 5 x fi % if :7 T 4 r-MR 1 -hffiXTMWIffiS: 

[0 0 8 2]*^ HI 6 (b) (^tUT, 7t Fy 
VP?? J—'&S* \*7<<<^v3-l/t?\Z.£*) S i O a Rl 
5x^/^^y^U, S i o 2 111 5 x^^if: 7 
t -T T*4E 1 £>_bffitf)— «SSr« 5 It'l'I d 3 OMSMfctf)fft 
liiif 1 5&l&&T%a ^<Vt^, S i O a llll 5 x<£>5 

[0 0 8 3]*!:, 16 (c) Jd^i"XST% IRHlKl 
5^R**Lfci^7T-rr*«l Srx HVPEK1©S 
fKJFtd-fe y h U t7 7^7SI 1 Sr*& 1 0 0 0 °C^^P 
Ift L 7t:KHX\ RjS^JdffiM** * GaMItHCl 
iS^ t t-iot^teG a C 1 Tl/^^T 

a* (nh, ) t&MPcJ3*h^xm&\-,, mmrf^ 

^ 7 . 5 B^IB-r*, f7r>f7lfi 1 (D±M<D b ^HtLi L 
XV^Sfi|54}-<OJ:lc:, ffStt3 0 0 ^mOG a NfllS^zc 

t 0 ^^yt^gt§ D n^^^, i^^r-rrSffiitD 
X®<7) 5 ^ff^fll i 5 ^rtfflltcffilKi-Sffl^fefiT* 
KSi: LTfUJ^-T^G a Nl : 3Mf t7/^7S 
K 1 ^XiSo 3 fefftSM! 1 5 ^^fflllc(fif:«-r Sffi^xa 
ffllffi^&«. flJfflLftV^«|5^t?*>5G a NR3' ^j^-R- 
■t-5 e tit, #GaNfil3, 3' W*^«SliKl5 
co»:^.Srfflx.5i:, ftflUMl 5(?)lIMot7f 
)«lt^ 0 ^Lt, ftRRl 5©^ja«fPfcrtJSffl5i:^fe 
fiffli:7f7^Rt5GaNBt3, 3' /pI^^IL 

[ 0 0 8 4] ^^^^x-gcoH^fiWi^i-^^, Si» 

UX f/ J ttlU ffi* 3 5 5 nmCON d/YAG U — if CD 3-fS 
iCM & Srffll/*^ if * ^ ^— A & if 77 T -f T ^ffi 1 co 
MMt^O a NI3 ^HBftL. u — If^C^t^-A^^^. 
/^SCIoTSt^ ^ i: ^ J: 19 , t7 7^7Sfil 
tfrMLfcy y — ^Vr^ IsftDG a N13i3 (G a N 

KWLfci:*Ji9r-fe5o 
[ 0 0 8 5] eJL±ORWC<i:. l — - !f3twia*ttc J: 5 if 
yj-AT mi 1 4: L ft , m 1- *5 (t 5 if 7 r 

7Sfti.a±t^m ±mmimm^mfc£nz 

h (D X a ft < . mm (- J: S B** ffi S: tt J ^ 6 r. i: -c ^ 
[ 0 0 8 6] *||Jte?B(8tc:*3V^-Cfc, (SMi 5<z>atfi 

d 3 f±G a Nl3 COBtff J: 5 t** tMl-Cfc 

5 0 

[ 0 0 8 7] ^-W^tC^I/MTfi, if^T-YTKffil 

J; r> b ^ Sr^-T 5 WttBt l 5 4rfM L , 2 

OCOG a N Hi 3 , 3 ' & imm \C Wt It X . ASEM 1 5 <D ft 
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JfCOG a NJK3 ]) —Xf^TJ >1?<DG a N y 7 

Sift jgffi co f# &ftSo 

[ 0 0 8 8 ] ■^WJPX-T, *Hll£?glStC*5V>T*±, # 

mm^m ts -Jntc g a nim 3 5 <d&gek x. v . ark i 

5 CO ft * £ ttfc G a N m 3 Id MP £ *l S «« W * 10 

Z/Jf<OG a N Ji^fcSGa Njgl 3 JC&tf 5 

[0089] ±ia* i~S3 (gmmt:^ 

tri G a NK3 60^ ^ # v-^yUJsKftSrJjS 

£7^cOf*fSil<b LT, S i0 2 BtSrfflt^S, ^ 

£t>to-mfti\ SiO, Bl ^^BMfcBI) 
yy ^yitt (s i NBt) , y = >-«*ffc«l 

( S i O NIB?) , y y J >j y\) (wi, M o SI, 20 

Tall Cofe Ti«4« ^im^r^^ 

[0 0 9 0] *»M^J:o-C«jfi$tL5 7!;-^ 

^ yfV y^'>x^©^^^(r 0 ^T!^ JhfSlS l ~JS 

3 co mmm mmm & # 5 # s ^ iss $ n 
r tS3fea* its l r <t <9 p**a*^» b ns „ ^9 

y> * v-T y > ^ (7 x/n Srsa X < # 5 ^ £ ^Hife fc 
ofc/A *5§iHfcJ:5ft«&JB^5 - t\cX9, SStfe 30 
i< 7U -y>^>-xy >y^^/^^r#6^i <t^r**-5p 

[0 0 9 1 ] (i4 COjigM^) 17 ( a ) - ( e ) 
El 7 (a) - (e) K*5^-C. t7 7 ^7HMGa 

NK*iRJ^-eEI^*ixTV^d^ —SMC $xs^(Dt£& 

y h) ^Ixtt feft-C^ScotfS— jKWt?fcSo 

fe, *^*6?K*8^*3ftS{^a!i*t^fi3Et?9 rt>ft^co 

x\ UTcomm^^^xa, rm-^j ttt. ty77is 40 

[ 0 0 9 2 ] £1\ B7 (a) ^^1-X:1M^e\ jHfl^ 5 
0. 8 mm, f^^ 3 0 0 Mm(/)t7 7-f7lfil (i^ 

7 7 ,f7 7x^) &mm-tz> 0 ^ir, 17 (b) m** 
fist, -y-^r-f 7ig 1 HvpEit^sfflj 5 

(c-lr^/ hU t77^f7Sfil SrJfti 0 0 0°C^jp^L 

(N Hj ) K^Ittt^^LtWt, ffiSl^f^ (N 
2 ) l-H^7^7^U«t5 0 m 50 
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7. 5I*BH-C, t77^7SSl©tI±t, «S*&3 
0 0 vm<DG a NHE3 x /j^ ^->-yyW^i-^ 0 ^ 

co^fr, GaNi3xit y-yT-trmi&KD^m&m 

0 3n^t77'frSfil COOT^M 5 3b^ 
[0 0 9 3 ] g7 (c) l^^tlgT', ^^/n^t 

HVPEgE^^^i^ ttil, ^^^^co^Jl^p^r 
WJBLT, G a Nil 3 x(O^HSfBSrBfe*-f-6 ^ ^ fcl^ 
t77^7S«l ^ il CO fc 5 7^ $ 4 -C ffl «9 T a o 

n ^xtc J: t9 % t7 7^7lfi i co^JH^^^f>|-#^iK^ 

ft G a Nl 3 x tt, t7 7 y f 7SI 1 CO JiffiOJztCl 
t IdffiKi" 5GaN(t3^ t77^7 Sffi 1 <D iM Bp _h 
C0^(^ig1-5GaNK3' ti-^l^^^o 
[ 0 0 9 4 ] |li 7 (d) [d^W-Ig-C. S-13 5 

5 nmCDN ci/YAG U— !f £7^ 3 iftmmfli Srffl 1/ ^fc L/— 
i^fcco t — A Sr* 7r^f 7li 1 COSiU^^ b G a Nil 3 
t-fia**-f-5„ G a N(0»JfciB8tSfiMfc 360 — 370n 
mT*fc *9 s I/— i^3te<»S£fi i "9 tf V^c^), G a NfiU 

+y>7t# < , ^ iotG a Nl 3 CO 5 

*/l-*r—m&fcWtteO. 4J/cm : J^JbCO^^t^rcO 

[ 0 0 9 5 ] ^LT, r<7jJ: 5^ftt^- if^Cjbf — 
A^r ^x/^i(^lo tMto ^ ^ 9. HI 7 

(e) ^fl;3l^ ^77^7lfil tML/:7y 
-7^yf^y^GaNl"3 (GaN>)x^) 

[ 0 0 9 6] H8li, 'B7 ( c ) tc^i-WSxeSrttEtt 

£ . iHlfex 7=-— i? 5 1 coinitettl ^ f^^^ 9 0 It co-^l 74 S: ft 
i-|elte»S:*-4-5?JF**5 2 t itv^ 0 -tU, 

isy^7-— ^5 i sr^o < tiges^eci ttcj; t) N G 

a NK3 x tD^Hffl*l»5feb-C, fiSl^'JcOG a NR3, 

[0097] mJycoMxrJy u— r*«oflBW(c J: 19 

77-Y7 £4S 1 ^ ^Hl L /c ^ 3 % T^M Pj! :|o Jt 5t7 7 ^f 
T Sffi 1 ^ [^-^i- £ ;9j£fe « , _blE#ffi^fii ^ PJI7^ $ tl 5 

s S: ffl ^ 7c:^-^ ^ f i , 31 v ^ ^ tfkz. J; a Bfefe # ft 
[ 0 0 9 8 ] *^tE3gffi^*3^-Cb, _tE» 3 (D^JEJg 

J; o X Sffi 4>ffi-r S m& \c itt , ^Vr^T W& l co fflj 
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ffiJit^fifcSftfcG a NI3 ' C0#ffi(Cj;f9 N l^r-f 
T»£ 1 c?)±I±[l]M^^tG a Nflt3 (dRWPSnS 

[0 0 9 9] (^5C0^K®HB) |E|9 (a) - (c) 

[0 10 0] *-f\ [119 (a) C^tlit, 10 
0. 8 mm, J?^fi3 0 0 Mm»ii-77^7SSl (if 

1 4', HVPEilOSi^P^t y m t77^f 71 
tRl Sr#?J 1 0 0 otMJqfR L/c *WJT% K^^^-bffiftl 
/?P«b, G atlHiC 1 i:moT4l^f:G a 
Cl^i, 7^=7^ (NHj ) i:-S:JBC?s|-^i: 
LtML, (N 2 ) ^t!)7^iL-C* 

CD*ffi_LM % 3 0 0 /i m£?)G a NJK3 xi&S^fc^ 

7SS 1 (D±m&m 0 W£ 3att7r^ TXffi 1 CO 

[0 10 1] |1]9 (b) |C/TtXSt% r>zc/N^r 

HVP E^W<DKJ£4-Ffrbm n fflU C?3i^co^«ffl$S: 

tirfcfc:, t7 7 -<7Sfii^^y^t6 0 
J: n , t7/>f7£S l co_LE-h 3 G a Nl 

[0 10 2] 2fcfcl, El 9 (c) td^i-X@T\ 1^^T>r 
TS'Sl (75j(ffi^feG a Nffi|3 tdN d/YAGW»f© 30 
3^Sfj|^ (jft* 3 5 5 n m) ^^M1"5 0 Nd/YA 
G U — »f CD^/l'.xfifi 5ns, 3t&JK 300mJ/cm 
■ . t-^7mmX'fc5 D £/c, Nd/YAGU- 
ifO^yU-XftfiS n s ^#S(cM^C0T:\ ifJtfiG 
a Ng 3 (DV Vr-i 1 t CO#ffiCO r < ^fgCOfWc 

f c g 3? W I - BR iR £ ti 3 o \s — If 3fe CO 3i ^ jv *p — $6 ft * s -H 
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(54) METHOD FOR MANUFACTURING COMPOUND SEMICONDUCTOR WAFER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a free standing compound semiconductor wafer 
low in crack, chipping, or the like. 

SOLUTION: A protective film 2 covering at least the side surface of a sapphire 
substrate 1 is deposited on the surface of the sapphire substrate 1. Next, a GaN film 3 
(a compound semiconductor film) is epitaxially grown on the exposed surface of the 
sapphire substrate 1. Next, the GaN film 3 is separated from the sapphire substrate 1 
by laser beam irradiation, the grinding of the substrate, etching, cutting, or the like. The 
GaN film 3 is used as a free standing wafer. 
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